General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



FACILITY FORM 60* 


X-615-70-2 

rRE?R!NT 




NASA !?.S X- Ip'S* 

DECAMETER-WAVE RADIO 
OBSERVATIONS OF JUPITER 

Apparitions of 1965 to 1969 

J. K. ALEXANDER 
JANUARY 1970 



(.SI < 

L J 


GODDARD SPACE FLIGHT ( 

GREENBELT, MARYLAND 


(PAG ESI 




decameter-wave radio observations 


OF JUPITER 

Apparitions of 1965 to 1969 

by 

J.K. Alexander 
Radio Astronomy Branch 
Laboratory for Extraterrestrial Physics 
Goddard Space Flight Center 
Greenbelt , Maryland 

ABSTRACT 

Systematic observations of the decameter-wave radio 
emissions from Jupiter obtained by a network of monitoring 
stations operated by the Goddard Space Flight Center have 
been analyzed for the period November 1965 to June 1969. 

A total of 4041 hours of observations at 16.7 MHz and 
5514 hours of observations at 22.2 MHz from five different 
sites have been catalogued , and the Universal Times for 
each observing period and activity period are listed by 
frequency and station. A summary of the occurrence statistics 
as a function of System III Central Meridian Longitude and 
phase of the satellite Io is also shown. 


Systematic observations of the decameter-wave radio 
emissions from Jupiter have been made since November, 1965, 
at a number of stations operated by the Goddard Space Flight 
Center. A general description of the Jupiter Monitor Net- 
work instrumentation and a summary of preliminary analyses 
of data from the 1965 and 1967 apparitions have already 
been published (Alexander, 1966, 1967). All data from 
November 1965 to June 1969 have recently been re-examined 
and a summary of those observations is given in this report. 

A more detailed analysis of the measurements, comparison 
with other observations, and interpretation of the results 
are in preparation for a separate publication. 

Each monitoring station consists of a simple two-element, 
lobe-sweeping interferometer having an East-West baseline 
of approximately 2000 feet . The interferometer elements are 
five-element Yagi antennas equatorially mounted atop 30-ft . 
telephone poles. Observations are made at 16.7 and 22.2 MHz, 
and the Yagis for both frequencies are mounted on the same 
boom. The antennas are connected via coaxial cable transmission 
lines (approximately 10 db attenuation) to lobe-sweeping 
radiometers which feed a pair of synchronous phase detectors 
at each frequency to provide both "sine" and "cosine" outputs 
for iccording. A "riometer" output derived from the average 
antenna temperature for a single Yagi at each frequency is 
also recorded. A sample data recording is shown in Figure 1. 
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The monitoring stations are located at Goddard Space 
Flight Center (Greenbelt , Maryland), Clark Lake Radio 
Observatory (Borrego Springs, Calif.) and at Manned Space 
Flight Network stations in Kauai, Hawaii; Carnarvon, 

Australia; and Grand Canary Is., Spain. A summary of the 
observations suitable for analysis is given .in Table 1. 

The relatively small span of data available from some sites 
is due primarily to operational problems such as high 
interference levels and equipment malfunctions. 

The procedure for analyzing the records was as follows. 

The Yagi antennas can be programmed to automatically track 
Jupiter from an hour angle of -6 hr. to +6 hr., and when 
the antennas are operating in their tracking mode useful 
observations can be obtained for up to twelve hours per 
day if there is no interference. On occasions when the 
antennas were not tracking but were fixed at the meridian, 
observations were confined to periods when Jupiter was within 
+3 hr. of meridian transit. The general criteria for useful 
observations, therefore, were (1) that the antennas were 
pointed within three hours of the hour angle of Jupiter, (2) 
that there was no evidence of radio interference and (3) that 
the hourly calibration marks and routine daily tests indicated 
proper equipment operation. Later intercomparisons of data 
from different stations provide a further test of the credibility 
of data from a given site. 
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I Total | 

Observations Ave.Obs. Ave.Occ. 

Frequency Station Date I Days Hrs I Hr/Day Probability 


22.2 MHz Goddard 11/65-4/66 96 264.9 2.75 0.085 

" 10/66-3/67 117 445.9 3.81 .071 

" 9/67-4/68 190 1088.9 5.73 .060 

" 11/68-6/69 191 1167.4 6.11 .037 

Clark Lake 2/69-5/69 85 431.3 5.07 .015 

Hawaii 11/67-5/68 131 833.3 6.36 .042 

Carnarvon 9/66-1/67 106 428.2 4.04 .043 

" 9/67-5/68 167 854.9 5.12 .022 

16.7 Goddard 11/65-4/66 118 590.6 5.00 .241 

" 10/66-3/67 134 604.1 4.51 .218 

" 9/67-4/68 162 823.4 5.08 .166 

" 11/68-5/69 148 694.7 4.69 .081 

Clark Lake 12/66-3/67 55 278.8 5.07 .190 

Hawaii 11/67-3/68 81 381.6 4.71 .156 

Carnarvon 9/66-1/67 32 128.9 4.03 .143 

" 8/67-5/68 82 162.0 1.98 .144 

Canary Is. 10/68-4/69 135 376.8 2.79 0.069 


TABLE 1 

Those portions of the data judged to be useful observations 
were divided into five-minute intervals of U.T., and each five- 
minute interval classified as containing or not containing 
Jupiter activity. To be classed as Jupiter activity, an event 
had to show the proper interferometer fringe pattern on both 
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the sine and cosine phase channels at a given frequency 

and have an amplitude of at least three times the rms system 

noise. Since the period of the interferometer fringes is 

about 6 min., isolated events of duration less than about 

5 min. were not included in lists of Jupiter activity. Jiach 

(■vent was classified, accox-ding to the degree of confidence 

in its identification, as (1) "possible" (2) "probable" or 

(3) "def inite" Jupiter activity. Only events of ID class 2 

or 3 were included in subsequent analyses. Since, unfortunately, 

the sensitivity of the interferometers varies from station-to- 

station, the minimum detectable flux is not the same at all 

sites. At the Goddard site the limiting flux density for 

-22 2 

Jupiter activity is about 2 x 10 W/m /Hz. At the other 

-22 

stations, the minimum flux density is between 5 x 10 and 

-21 2 
10 W/m Hz. 

The combined data from all stations and all dates are 
shown in Figure 2 through 5 where we have plotted the periods 
of activity and observations at 16.7 and 22.2 MHz in the 
System III Central Meridian Longitude - Io phase plane. The 
general features of the activity diagrams are quite similar 
to the plots of uhe University of Colorado data for the same 
period of time (Warwick and Dulk, 19S8) . Individual occurrence 
probability plots are given as a function of Central Meridian 
Longitude in Figure 6 and 7 and as a function of the departure 
of the satellite Io from superior geocentric conjunction in 
Figure 8 and 9 . 
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Table 2 is a catalog of the data used to compile the 
plots shown in Figures 2-9. The observations are listed 
as a function of frequency and observing station. For each 
U.T. day the observing periods are given to the nearest 
five minutes of U.T. along with the corresponding ranges 
of CML III and Io phase. These are followed by the times 
of Jupiter activity, also to the nearest five minutes of 
U.T., and the range of CML III and Io phase for the activity. 
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Fig. 2 - Plot of all 16.7 MHz activity as a function of 

Systea III (1957.0) Central Meridian Longitude 
and departure of the satellite Io from superior 
geocentric conjunction. 
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Fig. 6 - Variation of 16.7 MHz occurrence probability with 



System III (1957.0) Central Meridian Longitude 


OCCURRENCE PROBABILITY 
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Fig. 7 - Variation of 22.2 MHz occurrence probability with 

System III (1957.0) Central Meridian Longitude. 
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OCCURRENCE PROBABILITY 
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Fig. 8 - Variation of 16.7 MHz occurrence probability with 

departure of the satellite Io from superior geocentric 
conjunction . 
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OCCURRENCE PROBABILITY 
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Fig. 9 - Variation of 22.2 MHz occurrence probability with 

departure of the satellite lo from superior geocentric 
conjunction . 
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